Results are presented to demonstrate the high efficiency of vacancy retention that occurs when voids are formed by the annealing at 900°C of molybdenum samples neutron irradiated at 60°C. In the particular case examined the efficiency is shown to be some 50 times more than the theoretical maximum expected during the formation of voids under conventional high temperature neutron irradiation. Various aspects of this efficiency are discussed with particular reference to a recent position annihilation study of the processes taking place during annealing. A mechanism for the high vacancy retention is suggested that depends largely on the storage of vacancies in loop form during irradiation below the temperature of vacancy loop shrinkage and the transfer of vacancies to voids on annealing above this temperature. There seems to be only a small possibility that the mechanism could operate unintentionally in reactor situations. On the other hand by ensuring void nucleation the high efficiency of void production by the irradiation-annealing method might be used to advantage in providing inexpensive void samples for experimental purposes. Finally, it is noticed in passing that the behaviour of the vacancy loops could provide a simple explanation of the emperical 0.3 T m threshold for conventional void formation in metals. 
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1. INTRODUCTION
In a previous paper (Evans, Mahajan and Eyre, 1972) it was shown using electron microscopy that in certain but not completely specified circumstances voids could be produced in molybdenum by the annealing at 900°C of samples neutron irradiated at 60 C to a dose of 5 x 10 n/ 2 cm . More recently the processes taking place during the annealing have been followed in considerable detail by Petersen, Thrane and Cotterill (1973) using positron annihilation techniques. The low dose i Q p irradiation (1.5 x 10 n/cm ) used in this latter work prompted the present author to re-examine the results of the microscopy work to obtain some measure of the efficiency with which vacancies were retained in the lattice in the form of voids after the annealing treatment. The purpose of this paper is to present these brief results which show rather unexpectedly that this efficiency is some fifty times more On the other hand it seems difficult at this stage to make sound theoretical estimates of the efficiency with which the vacancies created by the neutron irradiation are retained in the form of voids.
Naively one could say that 50$ of the created vacancies are annihilated in the displacement spike while furtner vacancies will be lost in other spikes as the remaining 50% of interstitials hunt around the lattice for sinks. A total loss of 75% during irradiation would leave 25% of the created vacancies free to form voids or loops. On annealing it is not inconceivable that half of the vacancies released from the loops finally end at voids thus giving an overall vacancy retention of 12%%.
While no stretch of the imagination could call this a sound theoretical estimate, it does indicate that the measured l*f% efficiency is not totally unreasonable.
Besides the possibility that the annealing model can lead to relatively high vacancy retentions other points arise. One of the main ones concerns the important role, brought to light by the positron annihilation results, of the part played by the vacancy loops in storing vacancies until they can be transferred to voids. The necessity for a large fraction of spikes to be nucleated as voids does not now seem so important though clearly some nucleation is essential. The positron annihilation evidence indicates that voids form during the collapse of spikes when the divacancies and vacancies become mobile but it is not impossible that further nucleation takes place when the vacancies are released by the vacancy loops. In either case it is convenient to attribute the nucleation to some gaseous impurity in the metal but it is worth reiterating the experimental fact that in molybdenum the nucleation of the voids appears to be the exception rather than the rule (Evans et.al. 1972) . With regard to the positron annihilation study (Petersen et.al. 1973) it is felt that their pre-irradiation anneal in argon at 1100 C (Cotterill, private communication) might have been particularly conducive for the transfer of oxygen impurities from the argon into the molybdenum.
Further consideration of the role of vacancy loops in the annealing mechanism brings the important suggestion that the irradiation temperature need not be below the vacancy migration temperature. Instead it seems that the upper limit is given simply by the temperature at which the vacancy loops thermally evaporate, i.e.*»580°C in molybdenum (Petersen et.al. 1973 )-Below this temperature the collapse of spikes into loops and voids takes place during the irradiation rather than during annealing but the final transfer of vacancies to voids at higher temperatures will take pla~e exactly as before. Evidence that the collapse of displacement spikes into vacancy loops does take place at high neutron irradiation temperatures in molybdenum has been given in the recent paper by Eyre and Bartlett (1973) Finally, returning to the production of voids by irradiation at low temperatures (e.g. below 0.3 T ) and post-irradiation annealing, if voids are required in bulk materials for basic experimental studies (e.g. mechanical property experiments, etc.) then it would seem potentially attractive to utilize the high efficiency of void production by this method. Instead of forming voids and high activity specimens using high doses ol high cost neutrons at high temperatures in fast reactors one could save on time, money and specimen activity by using low doses of low cost neutrons at ambient temperatures in thermal reactors. Choosing the optimum post-irradiation anneal conditions should provide little difficulty but further work would be necessary on each material to ensure that voids were nucleated.
